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Description 

[PIXEL STRUCTURE AND FABRICATING 

METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92122053, filed on August 12, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention generally relates to a pixel structure for a 

thin film transistor array and a fabricating method thereof, 
and more particularly to a pixel structure and a fabricating 
method thereof to prevent the pixel storage capacitor 
from leakage. 

[0004] Description of the Related Art 

[0005] A thin film transistor liquid crystal display (TFT LCD) in- 
cludes a thin film transistor array, a color filter array, and 
a liquid crystal layer. The thin film transistor array in- 
cludes a plurality of thin film transistors arranged in ar- 



rays and a plurality of pixel electrodes corresponding to 
the plurality of thin film transistors to form a plurality of 
pixel structures. The thin film transistor includes a gate 
electrode, a channel, a source electrode, and a drain elec- 
trode, which is the switch of the liquid crystal display unit. 

[0006] FIG. 1 is the top view of a pixel structure of the conven- 
tional TFT array. This pixel structure is set on a substrate 
(not shown) and includes a gate line 102, a data line 104, 
a thin film transistor 130, a pixel storage capacitor 116 
and a pixel electrode 112. 

[0007] The thin film transistor 130 includes a gate electrode 106, 
a channel layer 108, a source electrode 110a and a drain 
electrode 110b. The gate electrode 106 is electrically con- 
nected to the gate line 102. The source electrode 110a is 
electrically connected to the data line 104. The drain 110b 
is electrically connected to the pixel electrode 112 
through the contact window 114. 

[0008] The pixel storage capacitor 116 includes a bottom elec- 
trode 118, a top electrode 120, and a dielectric layer be- 
tween the bottom electrode 118 and the top electrode 
120. The top electrode 120 is electrically connected to the 
pixel electrode 112 through the contact window 122. The 
bottom electrode 118 is a common line, and is in the 



Metal 1 layer as same as the gate line 102 and the gate 
electrode 106. The top electrode 120, the data line 104, 
and the source/drain electrodes are in the Metal 2 layer. A 
gate insulating layer (not shown) is disposed between the 
Metal 1 and Metal 2 layers. A passivation layer (not shown) 
is disposed between the Metal 2 layer and the pixel elec- 
trode 112. 

[0009] it should be noted that there are terminals at the two 

edges of the substrate (not shown) to electrically connect 
the driver circuit. Those terminals are a part of the Metal 1 
layer, and the data line 104 and the gate line 102 extend- 
ing to the edges of the substrate are electrically connected 
to the terminals. 

[0010] jo expose the terminals for connecting the driver circuit, 
the gate insulating layer and the passivation above the 
terminals have to be etched. However, to expose the con- 
tact windows 114 and 122, only the passivation layer has 
to be etched, especially to expose the contact window 
122. Because the contact window 122 is above the pixel 
storage capacitor 116, if the gate insulating layer is 
etched away, it will cause leakage between the top elec- 
trode 118 and the bottom electrode 120 of the capacitor 
116. Hence, the steps of etching the passivation layer and 



the gate insulating layer are very critical to TFT manufac- 
turing processes. 

[0011] a conventional method to overcome the above problem is 
to form an amorphous silicon layer below the contact win- 
dow, which is defined by the channel layer of the thin film 
transistor. This method uses the amorphous silicon layer 
as a stop layer to prevent the gate insulating layer below 
the contact window from etching through. However, the 
etch selectivity between the amorphous silicon layer and 
the gate insulating layer is very critical. 

[0012] According to another conventional method for forming an 
opening at the bottom electrode below the contact win- 
dow; i.e., the bottom electrode below the contact window 
is removed. Hence, even if the gate insulating layer below 
the contact window is etched through, because the bot- 
tom electrode has been removed, no leakage occurs. 
However, this method requires precise alignment of the 
opening with the contact window, which is difficult to 

achieve. 
Summary of Invention 

[0013] An object of the present invention is to provide a pixel 

structure and a fabricating method thereof to prevent the 
pixel storage capacitor from leakage. 



[0014] The present invention provides a pixel structure, compris- 
ing: a gate line on a substrate; a common line on the sub- 
strate for a bottom electrode of a pixel storage capacitor; 
a gate insulating layer on the substrate, the gate insulat- 
ing layer covering the gate line and the common line; a 
data line on the gate insulating layer; a switching device 
on the substrate, the switching device electrically con- 
necting the gate line and the data line; a conducting layer 
on the gate insulating layer, the conducting layer includ- 
ing a coupling portion and a connecting portion, the cou- 
pling portion being above the common line for a top elec- 
trode of the pixel storage capacitor, the connecting por- 
tion connecting the coupling portion and the switching 
device; a passivation layer covering the data line, the 
switching device, and the conducting layer; a contact win- 
dow disposed in the passivation layer and above the con- 
necting portion; and a pixel electrode on the passivation 
layer, the pixel electrode electrically connecting the 
switching device and the coupling portion of the conduct- 
ing layer through the contact window. Hence, the pixel 
electrode, the whole conducting layer (including the cou- 
pling portion) and the switching device are electrically 
connected. 



[0015] | n a preferred embodiment of the present invention, the 
connecting portion of the conducting layer is a multi- 
channel structure. The connecting portion comprises a 
first portion coupled to the coupling portion; a second 
portion connected to the switching device; and a third 
portion between the first portion and the second portion; 
the third portion includes a plurality of channels. The 
contact window is disposed in the passivation layer and 
above one of the plurality of channels of the third portion. 
A planarization layer is between the passivation and the 
pixel electrode. 

[0016] The present invention also provides a method of fabricat- 
ing a pixel structure, comprising, sequentially forming a 
gate electrode, a gate line and a common line on a sub- 
strate, wherein the gate line is electrically connected to 
the gate electrode,; forming a gate insulating layer on the 
substrate to cover the gate electrode, the gate line, and 
the common line; forming a channel layer above the gate 
insulating layer and the gate electrode; forming a data line 
and a conducting layer on the gate insulating layer and 
forming a source electrode and a drain electrode on the 
channel layer, the data line being electrically connected to 
the source electrode, the conducting layer including a 



coupling portion and a connecting portion, the coupling 
portion being formed above the common line, the con- 
necting portion connecting the coupling portion and the 
drain electrode; forming a passivation layer above the 
substrate to cover the data line, the conducting layer and 
the thin film transistor; forming a contact window in the 
passivation layer to expose the connecting portion; and 
forming a pixel electrode on the passivation layer, the 
pixel electrode being electrically connected to the con- 
ducting layer through the contact window. 

[0017] | n a preferred embodiment of the present invention, the 
connecting portion of the conducting layer includes a plu- 
rality of channels. The contact window exposes one of 
plurality of channels of the connecting portion. Before the 
step of forming the pixel electrode, further comprises 
forming a planarization layer on the passivation. 

[0018] Because in the pixel structure of the present invention, the 
pixel electrode, the drain electrode and the top and bot- 
tom electrodes are electrically connected through the 
same contact window, the pixel structure of the present 
invention is different from the conventional pixel struc- 
ture. 

[0019] since in the pixel structure of the present invention, the 



contact window is not set above the pixel storage capaci- 
tor, the leakage would not occur even if the passivation 
layer and the gate insulating layer are etched through. 
[0020] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0021] FIG. 1 is a top view of a conventional pixel structure of the 
TFT array. 

[0022] FIG. 2 is a top view of a pixel structure of the TFT arrayin 
accordance with the preferred embodiment of the present 
invention. 

[0023] FIG. 3 is a cross-sectional view of FIG. 2 along the l-l 1 line. 
[0024] FIG. 4 is a top view of the conducting layer of FIG. 2. 
Detailed Description 

[0025] FIG. 2 is the top view of a pixel structure of the TFT ar- 
rayin accordance with the preferred embodiment of the 
present invention. FIG. 3 is the cross-sectional view of 
FIG. 2 along the 1-1" line. The method of fabricating a pixel 



structure of the present invention includes providing a 
substrate 200, wherein the substrate 200 is comprised of 
a glass substrate or a plastic substrate. Then a gate elec- 
trode 206, a gate line 202, and a common line 218 are 
formed over the substrate 200, wherein the gate line 202 
is electrically connected to the gate electrode 206 and the 
common line 218 is parallel to the gate line 202. The 
common line is for forming the bottom electrode of the 
pixel storage capacitor 216 in the subsequent processes. 
The gate electrode 206, the gate line 202 and the com- 
mon line 218 belong to Metal 1 layer. 

[0026] Metal 1 layer further includes a plurality of terminals at 
the two edges of the substrate (not shown) and the sub- 
sequently formed data line and the gate line 202 extend- 
ing to the edges of the substrate are electrically connected 
to the terminals. 

[0027] Then a gate insulating layer 205 is formed on the sub- 
strate 200 to cover Metal 1 layer (including the gate elec- 
trode 206, the gate line 202 and the common line 218). In 
a preferred embodiment of the present invention, the ma- 
terial of the gate dielectric layer is silicon nitride or silicon 
oxide. 

[0028] Next, a channel layer 208 is formed on the gate insulating 



layer 205. In a preferred embodiment of the present in- 
vention, the material of the channel layer 208 is an amor- 
phous silicon, and an ohmic contact layer is formed on the 
surface of the channel layer 208 (not shown) to improve 
the electrical contact of the channel layer 208 and the 
subsequent formed source/drain electrodes. 

[0029] Then a data line 204 and a conducting layer 250 (shown 
in FIG. 4) are formed on the gate insulating layer 205, and 
the source/drain electrodes 210a/210b are formed on the 
channel layer 208. The data line 204, the conducting layer 
250, and the source/drain electrodes 210a/210b belong 
to Metal 2 layer. The source electrode is electrically con- 
nected to the data line 204. The gate electrode 206, the 
channel 208, and the source/drain electrodes 210a/210b 
constitute a thin film transistor. 

[0030] The conducting layer 250 includes a coupling portion 220 
and a connecting portion 240. The coupling portion 220 
is formed above the common line 218 and is for forming 
the top electrode of the pixel storage capacitor 216. The 
connecting portion 240 connects the coupling portion 220 
and the drain electrode 210b. 

[0031] | n a preferred embodiment of the present invention, the 
connecting portion 240 can be comprised of a multi- 



channel structure. As shown in FIG. 4, the connecting por- 
tion 240 includes a first portion 226a connected to the 
drain electrode 210b, a second portion 226b connected to 
the coupling portion 220, and a third portion 224 be- 
tween the first portion 226a and the second portion 226b. 
The third portion 224 is a multi-channel structure. FIG. 4 
illustrates a three-channel structure as an example, which 
includes three channels 224a, 224b, and 224c. The pur- 
pose of the multi-channel structure is for later defining 
the contact window above one of the channel, e.g., above 
the channel 224b. The other channels 224a and 224c are 
responsible for transmitting carriers. If one of the chan- 
nels (e.g., channel 224a) cannot conduct due to the pro- 
cess defect or other reasons, the remaining channels (e.g., 
channel 224c) still can transmit carriers. 
[0032] | t should be noted that a blocking layer 222 can be 

formed below the third portion 224 of the connecting 
portion 240. The blocking layer 222 belongs to Metal 1 
layer. That is,, the blocking layer 222 is defined by defin- 
ing the gate electrode 206, the gate line 202, and the 
common line 218. The purpose of forming the blocking 
layer 222 is to block the scattering light due to the later 
formed contact window. 



[0033] After forming Metal 2 layer (including the data line 204, 

the conducting layer 250, and the source/drain electrodes 
210a/210b), a passivation layer 211 is formed on the 
substrate 200 to cover Metal 2 layer. The material of the 
passivation is comprised of silicon nitride or silicon oxide. 
Then a planarization layer 213 is formed on the passiva- 
tion layer 211. The material or the planarization layer is 
an organic photosensitive material. 

[0034] Next, a contact window 238 is formed by patterning the 
planarization layer 213 and the passivation layer 211 to 
expose a portion of the connecting portion 240. In a pre- 
ferred embodiment of the present invention, the contact 
window 228 exposes the channel 224b of the connecting 
portion 240. If Metal 2 layer uses Ti/AI as a two-layer 
metal layer, the Al layer above the channel 224b may be 
removed during the etching process to define the contact 
window 228. Hence, the channel 224b is thinner than the 
channels 224a and 224c as shown in FIG. 3. 

[0035] it should be noted that because the contact window 228 
of the present invention is not defined directly above the 
pixel storage capacitor 216, the leakage would not occur 
even if the gate insulating layer 205 is etched through. 
Further, because the blocking layer 222 is below the con- 



tact window 228, which is not electrically connected to the 
other conducting material layers, the device will not be af- 
fected. 

[0036] Next, a pixel electrode 212 is formed on the surface of 
the planarization layer 213. The pixel electrode 212 is 
electrically connected to the connecting portion 240 (i.e., 
the channel 224b) through the contact window 228. 

[0037] Because the coupling portion 220 of the conducting layer 
250 is connected to the drain electrode 210b through the 
connecting portion 240 and the pixel electrode 212 is 
electrically connected to the connecting portion 240, the 
pixel electrode 212, the conducting layer (including the 
coupling portion 220 and the connecting portion 240), 
and the drain electrode 210b are electrically connected. 

[0038] The pixel structure of the present invention includes a 

gate line 202, a common line 218, a gate insulating layer 
205, a data line 204, and a switching device 230 such as a 
thin film transistor, a conducting layer 250, a passivation 
layer 211, a planarization layer 213, a contact window 
228, and a pixel electrode 212. 

[0039] The gate line 202 is set on the substrate 200. The com- 
mon line 218 is also set on the substrate 200 as the bot- 
tom electrode of the pixel storage capacitor 216. The 



common line 218 is parallel to the gate line 202. 

[0040] The gate insulating layer 205 is set on the substrate 200 
to cover the gate line 202 and the common line 218. The 
data line 204 is set on the gate insulating layer 205. 

[0041] | n addition, the switching device 230 such as a thin film 
transistor is set on the substrate 200. The thin film tran- 
sistor 230 includes a gate electrode 206, a channel layer 
208, and source/drain electrodes 210a/210b. The gate 
electrode is electrically connected to the gate line 202. 
The channel layer 208 is set on the gate insulating layer 
205. The source/drain electrodes 210a/210b are set on 
the channel layer 208. The source electrode 210a is elec- 
trically connected to the data line 204. 

[0042] Further, the conducting layer 250 is set on the gate insu- 
lating layer 205. The conducting layer 250 includes a cou- 
pling portion 220 and a connecting portion 240. The cou- 
pling portion 220 is formed above the common line 218 
and is for the top electrode of the pixel storage capacitor 
216. The connecting portion 240 connects the coupling 
portion 220 and the drain electrode 210b. In a preferred 
embodiment of the present invention, the connecting por- 
tion 240 can be defined as a multi-channel structure. As 
shown in FIG. 4, the connecting portion 240 includes a 



first portion 226a connected to the drain electrode 210b, 
a second portion 226b connected to the coupling portion 
220, and a third portion 224 between the first portion 
226a and the second portion 226b. The third portion 224 
is a multi-channel structure. A blocking layer 222 is set 
below the third portion 224 of the connecting portion 
240. The blocking layer 222, the gate line 202, and the 
common line 218 belong to Metal 1 layer. The purpose of 
forming the blocking layer 222 is to block the scattering 
light due to the later formed contact window. 
[0043] | n addition, a passivation layer 211 covers the data line 

204, the thin film transistor 230 and the conducting layer 
250. A planarization layer 213 is set on the passivation 
layer 211. 

[0044] a contact window 238 is set in the planarization layer 213 
and the passivation layer 211 and is electrically connected 
to the connecting portion 240. In a preferred embodiment 
of the present invention, the contact window 228 is set in 
the planarization layer 213 and the passivation layer 
211above the channel 224b, and is electrically connected 
to the channel 224b of the connecting portion 240. 

[0045] a pixel electrode 212 is set on the surface of the pla- 
narization layer 213. The pixel electrode 212 is electrically 



connected to the connecting portion 240 (i.e., the channel 
224b) through the contact window 228. Because the 
channel 224b is electrically connected to the pixel elec- 
trode 212, the pixel electrode 212 is electrically con- 
nected to the whole conducting layer 250. Because the 
conducting layer 250 is connected to the drain electrode 
210b through the connecting portion 240, the pixel elec- 
trode 212, the conducting layer (including the coupling 
portion 220 and the connecting portion 240), and the 
drain electrode 210b are electrically connected. 
[0046] Because in the pixel structure of the present invention, the 
pixel electrode, the drain electrode, and the top and bot- 
tom electrodes are electrically connected through the 
same contact window, the pixel structure of the present 
invention is different from the conventional pixel struc- 
ture. 

[0047] since in the pixel structure of the present invention the 
contact window is not set above the pixel storage capaci- 
tor, the leakage would not occur even if the passivation 
layer and the gate insulating layer are etched through. 

[0048] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 



equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



